N from bacterial infections, with the incidence of severe infection rising sharply in extremely immature preterm neonates born weighing less than 1,500 g.' The neutrophil polymorphonuclear leukocytes (PMNs) provide important defense against bacterial infection, and are functionally impaired in newborn infants.**'
utes toward antibody-dependent cytotoxicity," and has an additional activation function in that it is able to initiate phagocytosis of nonopsonized bacteria that possess lectinlike substances on their surface."
To investigate the molecular basis of the impaired Igmediated neutrophil functions observed in preterm and stressed neonates, we have measured Fcy receptor expression in extremely immature preterm neonates in a variety of clinical settings. We have identified reduced levels of FcRIII expression in clinical situations in which impaired phagocytosis and killing would be expected, while FcRII expression is less variable, corresponding to the reported normality of superoxide production. At the same time we have studied fluorescence distribution. In well preterm neonates, expression of FcRlll improved to adult levels during the first two postnatal weeks, suggesting a postnatal maturation of function. Stressed neonates had signs of partial neutrophil activation (increased Mac-1 expression and chemotactic ability), leading us to propose that the further downregulation of FcRlll may be due to receptor shedding in vivo by partially activated cells. FcRll expression was found to be equivalent to adult levels in both well preterm and stressed neonates. Reduced neutrophil FcRlll expression may provide some explanation for the reported abnormalities of phagocytosis and bacterial killing in preterm neonates. 0 1990 by The American Society of Hematology.
Mac-1 expression and chemotaxis as indicators of PMN activation and functional maturity.
MATERIALS AND METHODS
Study population. Twenty-seven preterm infants were studied soon after birth and at intervals during the first weeks of life. The median gestational age was 27 weeks (range 24 to 32 weeks), and median birth weight was 962 g (693 to 1,800 g). Neonates were defined as "well" if they had no evidence of infection and did not require mechanical ventilation for pulmonary insufficiency. "Stressed" neonates either required ventilation for severe respiratory distress syndrome (RDS) with the typical x-ray changes of hyaline membrane disease, or were clinically septicemic with positive blood cultures. The preterm infants were divided into groups for analysis: Group 1, well preterm neonates studied soon after birth at a median postnatal age of 1.5 days, (range 1 to 5), n = 12. Group 2, well preterm infants studied for a second time on median day 10 (7 to 20), n = 12; seven of these infants had been well from birth and five were previously stressed. Group 3, well preterm infants studied on median day 56 (42 to 70), n = 6. Group 4, stressed preterm neonates with RDS studied at a median postnatal age of 1.5 days (1 to 4), n = 8. Group 5, stressed preterm neonates with sepsis studied on median day 3 (1 to 21), n = 5. For comparison, nine healthy term neonates (group 6) were studied at the time of delivery by elective cesarian section, median gestational age 38 (38 to 40) weeks. All infants were studied in parallel with healthy adult controls (group 7). The study was approved by and all blood sampling was in accordance with the Liverpool Maternity Hospital Ethical Committee guidelines. Isolation of PMNs. Polymorphonuclear leukocytes from preterm neonates were isolated from umbilical arterial catheter or peripheral venous samples; from term neonates using cord blood collected at birth; and from adults by venepuncture. Blood was collected into heparin 10 U/mL and PMNs separated on a sodium metrizoate/dextran gradient (Polyprep, Nycomed Ltd, Buckingham, UK). Residual red blood cells were removed by hypotonic lysis and resuspended in RPMI medium with CaZt and MgZt (Flow Laboratories, Hertfordshire, UK), the cell suspensions and all reagents being kept on ice. The purity and morphologic maturity of the neutrophil PMN preparations were assessed by visual inspection of cytospin preparations. Viability, by trypan blue exclusion, was greater than 95% in all cases.
Preparation of reagents. Stock solutions of f-Met-Leu-Phe (WLP) (Sigma Chemical Company Ltd, Poole, UK) were prepared in phosphate-buffered saline (PBS). Casein (Sigma) was prepared as a 5% stock solution in PBS and before use diluted 1:lO in Hanks' Balanced Salt Solution (HBSS) (Sigma). Immune complexes containing human IgG (16 g/L) were prepared by incubating tetanus toxoid (28 Lf/mL) (Wellcome, Beckenham, UK) with human anti-tetanus Ig (200 IU/mL) (Blood Products Laboratory, Elstree, UK) for 1 hour at 37OC. Insoluble complexes were pelleted by centrifugation at 13,OOOg for 1 minute, washed once in PBS, and resuspended in the original volume of PBS.
FcRIII (CD16) was detected using monoclonal antibody (MoAb) Leul 1 b (Becton Dickinson, Abingdon, Oxford, UK); FcRII (CD32) using MoAb IV-3" (a generous gift from Dr M.W. Fanger, Dartmouth Medical College, Hanover, NH); Mac-1 (CDllb) was detected using MoAb Leu15 (Becton Dickinson) and measured after stimulation with mol/L N L P for 15 minutes at 37OC. Cells were labeled for indirect immunofluorescence using saturating concentrations of MoAbs and FITC-goat anti-mouse IgG (Becton Dickinson). Neutrophilassociated IgG and immune complexes were detected by FITCconjugated F(ab'), fragments of goat antiserum to human IgG (Kallestad, supplied by Northumbria Biologicals, Cramlington, UK). Surface-stained cells were fixed in 1% paraformaldehyde and analyzed on a Beckton Dickinson FACS Analyser I. Forward and 90° light scatter were used to identify and isolate the PMN population for analysis. Fluorescence intensity distribution of 5,000 cells was recorded on a 3-decade logarithmic scale, and the mean fluorescence channel for each cell population was calculated.
Chemotaxis through a 3-pm cellulose filter (Millipore Ltd, Harrow, UK) was measured in a modified Boyden Detection of PMN receptors.
Chemotaxis. e 0 chamber. PMNs, resuspended in HBSS with 1% bovine serum albumen, were placed in the upper chamber and migrated toward casein placed in the lower chamber. After a 90-minute incubation the leading front distance was measured on a calibrated microscope.
Results are expressed as cell population mean f SEM. Statistical significance of difference between groups was sought using Student's two-sample t-test.
Statistical analysis.

RESULTS
FcRZZZ expression. The number of FcRIII receptors on the surface of PMNs was assessed using the MoAb Leul 1 b (CD16). The neutrophils from normal term babies at the time of birth (group 6) had FcRIII receptor numbers similar to those found on normal adult cells, and displayed a similar bimodal distribution of fluorescence intensity (Figs 1 and 2A,   b) .
Well preterm neonates studied at or soon after birth (group 1) showed significantly reduced expression of FcRIII compared with term neonates (P = .02) and adults (P < .001) (Fig 1, Table 1 ). The fluorescence distribution curve was broader, representing a wider variation in receptor number from cell to cell, but the distribution of brightly fluorescent cells was symmetrical and the normal bimodal pattern was maintained (Fig 2A, c) . Sequential postnatal study of well preterm infants (groups 2 and 3) showed a progressive increase in FcRIII expression, with normal adult values being established by the third postnatal week (Fig 1,  Table 1 ).
Clinically stressed infants, either being ventilated for severe RDS (group 4) or ill with bacteriologically proven septicemia (group 9, showed gross downregulation of FcRIII expression compared with healthy infants of similar age and maturity. Not only was the mean fluorescence significantly reduced (P < .001) (Fig l) , but the fluorescence distribution curves were broad and skewed to the left with loss of the bimodal pattern, representing a progressive reduction in receptor expression by a proportion of the cell population (Fig 2A, d) . This pattern was seen in infants with severe RDS when tested soon after birth and developed again in preterm neonates who became septic during their second or subsequent postnatal weeks, after normal FcRIII had been established. Fluorescence intensity and distribution returned to normal as the clinical state of the infant improved.
Chemotaxis through a cellulose filter and the ability to upregulate Mac-1 expression in response to fMLP stimulation, as detected by MoAb Leu15 (CDllb), were measured and related to FcRIII on PMNs in the different neonate populations. Well preterm neonates had impaired chemotactic responses and reduced stimulated expression of Mac-1 at birth. During the first 3 postnatal weeks, when FcRIII developed normal levels of expression, chemotaxis and the ability to upregulate Mac-1 improved in parallel, although neither achieved adult levels over this period (Table 2) .
In contrast, stressed neonates with severe RDS who displayed downregulation of FcRIII tended to have increased Chemotaxis and Mac-1 expression. stimulated Mac-1 expression, and had significantly enhanced chemotactic ability when compared with well infants of similar age and maturity ( P .001) (Fig 3) . FcRIII has only minimal expression on eosinophils.16 The proportion of eosinophils contaminating the PMN prepara- Significance levels are for unpaired data. When the seven neonates, well at birth and for whom day 7 to 20 data are available are subjected to paired analysis, the level of significance is increased.
"Group mean and (SE) calculated from pooled individual mean fluorescence channel values. tions was highest in term neonates (group 6, 9.3% f 1.8%) and older preterm neonates (groups 2 and 3, 6.2% 1.9%), groups that had normal FcRIII expression. Groups 1,4, and 5, which displayed reduced levels of FcRIII, had only small numbers of contaminating eosinophils, 1.3% 0.4%. Therefore, the overall reduced receptor expression in these infants cannot be explained by an excess of eosinophils. Neutrophil-associated IgG. Immune complexes adsorbed onto the cell surface in vitro did not interfere with Leul l b binding (Fig 4) . In vivo, very low levels of IgG were found on the surface of cells from well preterm neonates (6.74 OS), neonates with RDS (6.94 OS), and adults (7.28 1 .O). Septicemic neonates did have increased surface IgG (25.5 3.9), but not sufficient to interfere with FcRIII measurement by Leul lb.
FcRII. FcRII receptor expression was measured using MoAb IV-3 (CD32). The number of FcRII receptors on PMNs from well preterm neonates did not differ significantly from normal adult cells (Table 1) . Stressed neonates with severe RDS tended to have lower mean receptor numbers (P = .06), but half of the group had values that fell within the normal range for well preterm neonates. Similarly, a number of term infants had increased FcRII expression, but *0°1 the group as a whole was not significantly different from adult controls (P = .23). The range of receptor expression across the P M N population as shown by the shape of the fluorescence distribution curve did not vary from the adult pattern in any of the study groups (Fig 2B) .
DISCUSSION
The mechanisms underlying the defective bactericidal activity of neutrophils from neonates remain unclear.2 This study has demonstrated reduced expression of FcRIII on neutrophils from preterm and stressed neonates in clinical situations in which phagocytosis and killing are reported to be abnormal. In contrast, FcRII expression did not vary significantly from adult levels in any study group, which corresponds with the reported observation that the initiation of the respiratory burst remains normal, even in stressed infants.
The molecular basis for this reduced neutrophil FcRIII expression, as detected by Leullb, is unknown. We have excluded the possibility that our observations were due to increased numbers of eosinophils, morphologically immature neutrophils, or the 
